Conclusions -If airways responsiveness is related to dietary sodium the relationship is not likely to be strong. (Thorax 1995;50:941-947) 
Abstract
Background -Although several investigations have shown a relationship between asthma (or its surrogate, airways responsiveness) and dietary or urinary sodium, others have not, and the matter remains controversial. This "salt effect" has been investigated during two recent epidemiological surveys of men in northern England. The first assessed the possible effect on airways responsiveness of occupational exposure to welding fumes, and the second characterised airways responsiveness in two geographically distinct residential areas. Thus, three separate study areaslpopulations were involved. Methods -Investigation 1 involved 1059 shipyard workers aged [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] years who were exposed variously to welding fumes, and Investigation 2 involved 587 men aged years who lived in rural West Cumbria or in urban Newcastle upon Tyne. In Investigation 1, a 24 hour urine specimen was requested from each subject with quantifiable airways responsiveness (PD20 < 6400 tg methacholine) and from an equal number of subjects without measurable airways responsiveness from the same occupational subgroup. In Investigation 2, every subject was asked to provide a 24 hour urine specimen. Results -Of the men undergoing methacholine tests, satisfactory 24 hour urine specimens were obtained from 234 (22 1%) in Investigation 1 and 232 (39.5%) in Investigation 2. Analysis using multiple linear regression, multiple linear logistic regression, and multiple regression for censored data produced consistent results within each study population but conflicting results between them, such that there was no hint ofa relationship between airways responsiveness and 24 hour urinary sodium excretion in the shipyard workers of Investigation 1 nor in the rural West Cumbrian population of Investigation 2, but an association was found in the urban Newcastle population of Investigation 2. All study populations were sufficiently large to demonstrate anticipated relationships between airways responsiveness and atopy, baseline FEV,, and (Newcastle only) age.
Conclusions -If airways responsiveness is related to dietary sodium the relationship is not likely to be strong. (Thorax 1995; 50:941-947) Keywords: methacholine chloride, airways responsiveness, asthma, dietary sodium.
Studies from Africa and the Pacific suggest that there is something about a "westernised" way of life which increases the incidence and prevalence ofasthma.'-' The daily intake ofsodium is well known to increase with economic development, and in 1985 Bumey suggested that some of the excess prevalence of asthma in "westemised" societies may be a direct consequence of greater salt consumption. 4 24 hour collection the morning after attending the survey centre and to return the collection the day after completion. In Investigation 2 all subjects were asked to participate, to empty their bladders at the time of the survey visit, and to complete the collection of urine 24 hours later. The specimens were returned at the earliest convenient opportunity.
In neither investigation were subjects informed of the ion of interest. They were all given a five litre container together with verbal and written instructions. For each 24 hour collection the volume was measured using a two litre measuring cylinder and a 20 ml aliquot was frozen for later analysis. Sodium and potassium were measured on a Hitachi 717 multichannel analyser (Boehringer Mannheim, Lewes, UK) using sodium and potassium ion selective electrodes. Creatinine was measured on a Cobas Bio centrifugal analyser (Roche Diagnostics, Welwyn Garden City, UK) using a Jaffe rate reaction. All ing habit (never, ex, current), log (potassium), log (creatinine) and log (sodium Table 1 shows the geometric mean and its 95% confidence interval for the urinary volume and excretion of sodium, potassium, and creatinine in the urine specimens which were considered to have been collected satisfactorily from both investigations. The mean volume of the collections was significantly greater in Investigation 2, whilst sodium excretion was significantly greater in Investigation 1. There were no significant differences between the three welding fume exposure subgroups of Investigation 1, nor between the two residence subgroups of Investigation 2. In table 2 sodium excretion measurements are displayed according to the different levels of airways responsiveness: marked, PD20 (200 jig; moderate, PD20 >200, (1000 jig; mild, PD20 >1000, < 6400 jg; unquantifiable, PD20 >6400 gg. For the shipyard workers of Investigation 1 and the West Cumbrian population of Investigation 2, no trend relating geometric mean sodium excretion to airways responsiveness is evident. By contrast, for the Newcastle population of Investigation 2 there is a suggestion of a gradient, with higher levels of airways responsiveness being associated with higher geometric mean sodium excretion. One way analysis of variance, however, indicated that this trend was not significant.
Multiple linear regression analyses for subjects with quantifiable levels of airways responsiveness (138 from the shipyards, 39 from West Cumbria, 33 from Newcastle) related log (PD20) with urinary constituents after adjusting for the effects of atopy, baseline FEV1, current smoking status, and age. No significant association was found between airways responsiveness and any of the urinary constituents, but low numbers limited the power of these analyses.
Linear logistic regression analysis included airways responsiveness data from all subjects. This technique related the probability of a subject having a PD20 of < 6400 Rg to urinary constituents after adjusting for the effects of other covariates outlined above. Among the shipyard workers and the West Cumbrian population there was no significant association between airways responsiveness and any of the urinary constituents, nor was there any hint of this. Similar analysis from the Newcastle population suggested a positive association between the probability ofa positive methacholine test and urinary sodium (p<0 03), after taking account of the effects of atopy, baseline FEV1, age, and smoking. Altering the diagnostic cutoff for PD20 to < 1000 jg (the upper limit at which airways responsiveness may be associated with asthmatic symptoms"4) made no difference to these outcomes.
Regression analysis for censored data utilised data from subjects with unquantifiable levels of airways responsiveness (censored at a PD20 of >6400 Rg), but it treated the quantifiable levels as a continuous rather than a categorical variable in order to compute maximum likelihood estimates ofregression coefficients (table  3) . Again, no association was found between airways responsiveness and urinary sodium in the shipyard or West Cumbrian populations, but an association was evident in the Newcastle population after taking account of the other variables of relevance. In Investigation 2 it was possible to quantify airways responsiveness additionally by the dose-response slope.21 Multiple linear regression analyses related log (dose-response slope) to the urinary constituents after adjusting for the effects of atopy, baseline FEV1, current smoking status, and age. A significant positive association was again found between airways responsiveness and urinary sodium in the Newcastle population but not in the West Cumbrian population (table 4). Significance of coefficients >0 05 unless specified. Significance of coefficients >0 05 unless specified.
Further analysis of data included additional terms for trade and hence welding fume exposure (Investigation 1) and place of residence (Investigation 2). This allowed for the primary aims of these investigations, but it did not alter the outcome with respect to sodium excretion.
Discussion
Whether or not airways responsiveness (and hence asthma) is related to dietary sodium is a matter of continuing controversy, and so it is not entirely surprising that the results of our evaluations proved to be conflicting. The three datasets were, however, obtained by essentially the same investigating team using the same equipment and methodology, and each showed much internal consistency. The wide range over which PD20 could be quantified provided particular analytical power, as did the precision of the PD20 measurements.'4 None of the datasets can consequently be discarded lightly, especially as each demonstrated a number of relationships with airways responsiveness which have been documented previously.
In fact, the larger populations from which the participants with satisfactory 24 hour urinary collections were drawn all showed that PD20 was related negatively to atopy and current smoking and positively to baseline FEV, and age.22 26 Within the shipyard population PD20 was also found to be related negatively to welding fume exposure. When the study populations were reduced in number to evaluate relationships with the urinary constituents, the relationship of airways responsiveness to current smoking was lost in all three study populations, the relationship to age was lost in the West Cumbrian and shipyard populations, and the relationship to welding fumes was lost in the shipyard population. Thus, our failure to demonstrate a relationship between airways responsiveness and urinary sodium in the shipyard and West Cumbrian populations may have been a consequence, at least in part, of inadequate numbers. If this was the case and airways responsiveness is truly related to dietary sodium, our findings imply that the relationship is less strong than those relating airways responsiveness to atopy or baseline FEVy.
Inadequate numbers within the study population is not, however, a fully sufficient explanation for our findings, since the shipyard population was twice the size of the Newcastle population and the size of all three study populations was similar to or greater than that in which the relationship was first observed.6 Our study populations were considerably smaller than the "normal population" of 1702 studied recently by Britton and colleagues who found, nevertheless, no evidence linking airways responsiveness to dietary salt.7 Their investigation has consequently posed a major challenge to the hypothesis that dietary salt might influence asthma, especially as two of the authors contributed to the initial investigation which gave it birth. Only 50% of their subjects were men, however, and their ages ranged from 18 to 70 years. Many of those with airways obstruction, and hence with quantified values for PD20, are therefore likely to have had chronic obstructive pulmonary disease (COPD) rather than asthma (49% of the 1702 had smoked).
Our own study populations were much younger and so were much less likely to be affected in this way, but in our investigations the distribution of sodium excretion was "censored" at the lower end by laboratory requirements that acceptable 24 hour specimens had volumes of at least 500 ml and creatinine contents of at least 9 mmol. Britton and colleagues accepted all the returned specimens of urine, and a creatinine content as low as 6-9 mmol was within the 95% range of the geometric mean. Unless the values of urinary sodium and airways responsiveness are both widely distributed there may be some difficulty in demonstrating a relationship between them. This factor may also have been relevant to the study of Britton and colleagues because PD20 values were obtained over a less wide range than in our investigations, and hence for only 11-8% of the 1702 subjects. Thus our investigations were possibly handicapped by small numbers and by a limited distribution of urinary sodium values, while the investigation of Britton and colleagues was possibly handicapped by the inclusion of urine samples collected over less than 24 hours and by a limited distribution of PD20 values, some of which may have reflected COPD rather than asthma.
These possible handicaps are, however, of limited importance, and it is surprising that no hint of a relationship between airways responsiveness and urinary sodium was found by Britton and colleagues or by ourselves in our shipyard and West Cumbrian populations, if indeed the relationship is a real one. An alternative explanation for our findings is that airways responsiveness is not related to dietary sodium and that our observations among the Newcastle population were spurious. Although this appears less plausible in view ofthe strength of existing published evidence, it is conceivable that a publication bias may have occurred in favour of positive observations. We con-sequently looked more closely at our Newcastle population in order to assess the possibility of selection bias or confounding.
The Newcastle population, but not the West Cumbrian population, showed a skewed distribution of social class, with over-representation of social classes I and II and underrepresentation of social class III. The participants from social classes I and II were also more likely to provide urine specimens. These biases may have been important because mean sodium excretion for social classes I and II appeared to be greater in Newcastle than in West Cumbria. Regression analyses did not, however, show any relation between social class and PD20, provided due account was taken of smoking. Poor participation rates in providing urine specimens may have introduced a further bias, but the actual effects of this are not easily assessed. It is likely that those living at the greatest distances from the survey centres and those without ready transport would have participated least.
Because relationships had been demonstrated linking PD20 with atopy, baseline FEV1, age, and smoking, we sought relationships between urinary sodium and each of these covariates. Although there was a hint that sodium excretion diminished with age, the only significant finding was a greater mean sodium excretion among current smokers compared with current non-smokers among the Newcastle, but not the West Cumbrian nor shipyard, populations. This too may have been important, especially as there were more current smokers in Newcastle than in West Cumbria. The inclusion of current smoking in the regression analyses ahead of urinary sodium did not, however, eliminate the significant relationship between PD20 and urinary sodium levels.
We cannot therefore prove that this relationship was spurious, but we suspect that this was so. There were no associations between sodium excretion and asthmatic symptoms, nor between sodium excretion and diagnosed asthma; and there is no clear biological mechanism for dietary or urinary sodium levels to influence asthma, nor for this to be manifested chiefly in men. We think the relationship demonstrated within our Newcastle population was largely attributable to chance, and it may be that the regression analyses did not allow fully for all the chance associations within the Newcastle population. There were, for example, more dog keepers in Newcastle and more gas cookers, and both (like smoking) were associated with higher levels of sodium excretion in Newcastle than in West Cumbria. The potential for confounding was least among the shipyard population where age was limited within a narrow range and social class confined almost entirely to social class III. Our observation that this study population (which was the largest of the three and showed the greatest prevalence ofpositive methacholine tests) failed to show any hint of a relationship between airways responsiveness and urinary sodium is possibly the most pertinent. It was among this population, however, where urine collections were least satisfactory, and where methacholine tests and urine collections were not concurrent.
Whether an interval of hours (or at most a day or so) between the latter would have exerted any influence is unclear.
The hypothesis that dietary sodium is relevant to asthma arose initially because regional sales of table salt appeared to be related to local statistics of asthma mortality. There is reason to implicate dietary sodium in cardiovascular death, but death from asthma is rare and agents of aetiological relevance are not likely to be recognised from investigations of mortality unless they are particularly important or potent. Neither seems to be true for dietary sodium, and so the hypothesis may not be well founded -especially in view of emerging evidence that asthma death certification may be very unreliable in subjects aged 50-60 years or more (the age range in which approximately 50% of asthma deaths are recorded). 2728 It is evident that there are complex issues which complicate the investigation of a "salt effect" on airways responsiveness, and that the current controversy over the possible relationship will not be readily resolved. Although a definite influence of dietary sodium on airways responsiveness is a matter of importance and interest of itself, we were more concerned when planning these investigations by the possibility that differences in sodium balance across study subgroups might exert a confounding effect and hence obscure or exaggerate the possible effects ofprimary interest. Sodium excretion data might consequently be necessary in order to allow for this "salt effect". In the event, the values of urinary excretion of sodium were distributed evenly among the various study subgroups of each investigation, and the principal outcomes were not influenced by the results of the urinary analyses.
